Clinical Trial Protocol

Project summary
Patients seeking a smile makeover to enhance the appearance of anterior teeth crowding often refuse orthodontic treatment beforehand, either because it might prolong the process or due to a lack of full understanding of the procedure. However, relying solely on restorations does not produce optimal results and can lead to more extensive tooth preparation. Showing patients a preview of their expected aesthetic outcomes using digital reality (DR), with or without orthodontic treatment, can boost their willingness to undergo treatment. To assess the impact of DR on patients' understanding, perception, confidence, and willingness to proceed with orthodontics, 60 patients were randomly divided into two groups: a control group with conventional consultation and a DR-assisted consultation group. Five aspects were evaluated using a 1-7 Likert scale questionnaire. Statistical analysis with independent t-tests showed significant differences between the groups in understanding, perception of the outcome, confidence, and willingness, all favoring the DR group (p<0.001). Subgroup analysis revealed no significant differences based on sex or age (under or over 30 years). Overall, DR consultations greatly enhance patient decision-making and willingness to pursue orthodontics before restorative procedures, regardless of sex or age. 
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 Rationale and background information
Smile makeovers often require both orthodontic and restorative treatments for optimal results. However, many patients decline orthodontic treatment due to its duration, esthetic inconvenience, or limited understanding of long-term benefits [1,2]. Digital Reality (DR), including Virtual Reality (VR), Augmented Reality (AR), and Mixed Reality (MR), has emerged as a valuable tool for enhancing patient education and visualizing outcomes [3–5]. Augmented reality overlays digital images onto real-world settings, while virtual reality places patients in a fully simulated environment, allowing them to experience possible treatment outcomes first-hand. The integration of these technologies to allow dynamic image manipulation and real-time interaction is called Mixed reality [6]. 
DR has been shown to enhance understanding, motivation, and memory retention in medical education [7]. In dentistry, its applications extend from learning and hands-on training to clinical treatment planning and patient decision-making [8]. Systematic reviews highlight that VR and AR improve patient comprehension of procedures and increase acceptance of proposed treatments [6,9].  Although previous studies shown that the use of DR improves patients' perception and satisfaction, few clinical trials exist on the patients' decision-making in combined orthodontic and restorative treatment [8,9] 
The aesthetics of anterior teeth heavily influences self-esteem, social acceptance, and quality of life because many people see their dental appearance as key to confidence and social interactions. This explains the increasing demand for aesthetic treatments [10,11]. Despite this growing desire for cosmetic improvements, patients' concerns about the longevity of orthodontic treatment and their limited understanding of the benefits negatively affect their willingness to undergo treatment [2,12]. Research on patient psychology indicates that the final decision to accept treatment is influenced not only by rational factors but also by emotional perceptions [13]. The combined use of visual aids and treatment simulations can significantly influence patients' final decisions. Digital Reality (DR) technologies offer an immersive and interactive way to communicate. 
Orthodontic-restorative cases present unique challenges because patients often prefer immediate solutions, such as veneers, even when orthodontics would be less invasive and provide better long-term stability. Digital smile design and simulations address this by showing the aesthetic differences between orthodontic-only and restoration-only plans [14]. This visualization supports the principle of shared decision-making, where patients become active participants in their treatment planning [15]. By increasing patient confidence and understanding, DR can reduce orthodontic rejection and improve adherence to evidence-based treatment sequences. This study assesses whether DR consultations significantly enhance patient understanding, perception, confidence, and willingness to undergo orthodontic treatment before restoration. Additionally, subgroup analyses were conducted to examine potential differences by sex and age.  

Study goals and objectives
The primary objective of the study was to evaluate the effect of DR on patients' willingness to accept orthodontic treatment before restorative procedures in smile makeover cases. It also aimed to understand patients' perceptions and confidence in the proposed treatment plan, and to identify differences by gender and age groups.
Study design
A randomized controlled clinical trial with two parallel groups (control vs. DR) was conducted. Allocation concealment was achieved using sealed opaque envelopes.
Methodology
Participants: A total of 72 patients visiting a private dental clinic for aesthetic treatment of their anterior teeth were considered. Five of them refused to participate, and seven others were excluded for not meeting the inclusion criteria, leaving 60 participants (27 males and 33 females) with an average age of 34±8 years and moderate-to-severe crowding. Inclusion criteria included patients seeking aesthetic correction of their anterior teeth with malocclusion classified as IOTN grades 3, 4, or 5, who require both orthodontic and restorative treatment, and who agree to participate. They should have good oral hygiene and periodontal health, adequate plaque control, and no active periodontal disease to ensure safe aesthetic treatment.
Exclusion criteria include a history of orthodontic treatment, a history of smile makeover restorative treatments, patients who need orthognathic surgery, and those who do not wish to follow the treatment protocol. Participants were randomized in equal numbers (30 per group).
Intervention: The control group received standardized conventional consultation, including verbal explanation and photographs. The DR group received consultation enhanced with a standardized digital simulation. All consultations were performed by the same clinician and lasted the same amount of time, following the same protocol.

Safety consideration
The study was performed with minimal risk procedures as clinical consultation, digital orthodontic and smile simulation and completion of the questionnaire. No any invasive procedures have been performed. The investigator remained with the participant during consultation to document any concern arising during the questionnaire. No any adverse invents were happened during the study.

Follow-up
As the participants completed the questionnaire immediately after consultation to assess perception and decision-making without lengthy clinical interventions, they were free to contact the investigator afterward with any additional questions about the treatment plan and digital visualizations.
Data management and statistical analysis
Outcome Measure: Five domains were evaluated using a 1-7 Likert scale questionnaire (15 Likert items) to assess participants' understanding, perception, confidence, and willingness. Items specific to digital visualization were analyzed only within the DR group to avoid bias. Internal consistency analysis indicated good reliability (Cronbach’s alpha >0.80). Subgroup analysis: Comparisons were made between males and females and between younger (<30 years) and older (>30 years) patients.
Sample Size Calculation: The required sample size was determined using Cohen’s d for comparing means between two independent groups, with a statistical power of 80% and a significance level of 0.05. The enrolled participants met the calculated minimum sample size.
Statistical Analysis: Normality was assessed using the Shapiro–Wilk test, and independent t‑tests were then used to compare groups. Effect sizes (Cohen’s d) and confidence intervals were considered. Significance level was set at p < 0.05. SPSS (v27.0, IBM, NY, USA) was used for analysis.

Quality assurance
To reduce variability, investigators provided consistent consultation to both control and DR groups, ensuring the data's reliability and validity. The questionnaire data was securely stored in a password-protected file and verified for accuracy prior to statistical analysis.

Expected outcome of the study
The study aims to assess whether the DR group is more inclined to accept orthodontic treatment prior to the restorative phase of a smile makeover than the control group.

Dissemination of results and publication policy
To submit the findings of the study in journals related to digital dentistry, orthodontics and restorative dentistry.

Duration of the project
It took approximately 10 months from protocol preparation and ethical approval to initiate the study, collect data, perform statistical analysis, and prepare the manuscript.

Problems anticipated
Investigators encountered difficulties in recruiting enough participants within the study period because some declined to join and others did not fit the inclusion criteria. The Medit intraoral scanner was meticulously calibrated to ensure scan accuracy, which required additional time but was crucial to maintaining data quality. Additionally, careful handling of digital simulators and smile design was important for achieving precise simulations, impacting the consultation process.
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Project management
The study was supervised by investigators DA and AJ, who managed all procedures from study design to consultation and questionnaire administration.
DA handled data management and statistical analysis. AJ was in charge of manuscript preparation and organizing references. LB was responsible for the final review, language editing, and proofing of the manuscript.

Ethics
This study received approval from the Ethics Committee of the College of Dentistry at the University of Sulaimani (Ref: COD-EC-25-0084). All participants provided written informed consent prior to their inclusion. Methods were conducted according to applicable guidelines and regulations, following the principles of the Declaration of Helsinki. 
 On August 4, 2025, the study was registered on ISRCTN, the UK's clinical trials registry, under registration number ISRCTN44916096.

Informed consent form
All participants received informed consent forms prior to their involvement in the study. These forms included details about the study's purpose, procedures, potential risks and benefits, and confidentiality measures. Participants were free to decline participation at any time.
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